When organisms are faced with new or changing environments, a central challenge is the coordination of adaptive shifts in many different phenotypic traits. Relationships among traits may facilitate or constrain evolutionary responses to selection, depending on whether the direction of selection is aligned or opposed to the pattern of trait correlations. Attempts to predict evolutionary potential in correlated traits generally assume that correlations are stable across time and space; however, increasing evidence suggests that this may not be the case, and flexibility in trait correlations could bias evolutionary trajectories. We examined genetic and environmental influences on variation and covariation in a suite of behavioural traits to understand if and how flexibility in trait correlations influences adaptation to novel environments. We tested the role of genetic and environmental influences on behavioural trait correlations by comparing Trinidadian guppies (Poecilia reticulata) historically adapted to high-and low-predation environments that were reared under native and non-native environmental conditions. Both high-and low-predation fish exhibited increased behavioural variance when reared under non-native vs. native environmental conditions, and rearing in the non-native environment shifted the major axis of variation among behaviours. Our findings emphasize that trait correlations observed in one population or environment may not predict correlations in another and that environmentally induced plasticity in correlations may bias evolutionary divergence in novel environments.
Introduction
A fundamental question in evolutionary biology is how multiple correlated traits evolve in response to selection. Most phenotypic traits are not independent, but rather are genetically and phenotypically correlated with suites of other traits. Thus, how any single trait will respond to selection depends on both the amount of genetic and phenotypic variance of the trait and its covariance with other traits (Lande, 1979; Lande & Arnold, 1983; Roff, 1997) . Genetic correlations among traits may facilitate or constrain evolutionary responses to selection depending on the direction of selection relative to the pattern of trait correlations (Endler, 1995; Schluter, 1996) . Populations are expected to evolve most rapidly when selection acts along the multivariate axis of maximum genetic or phenotypic variance, that is along genetic or phenotypic 'lines of least resistance' (Schluter, 1996; Meril€ a & Bj€ orklund, 2004) . In contrast, trait correlations may slow the rate of evolution or even restrict evolutionary outcomes when selection is orthogonal to the major axis of variation (Schluter, 1996; Etterson & Shaw, 2001) . Our ability to predict the effects of trait correlations on evolution depends on the degree to which genetic and phenotypic correlations are themselves stable or labile.
Trait correlations can be characterized by the genetic variance-covariance matrix or G-matrix, and its phenotypic counterpart, the phenotypic variance-covariance matrix or P-matrix (e.g. Cheverud, 1988; Roff, 1997; Lynch & Walsh, 1998) . Although it is frequently assumed that trait correlations are stable across time and space (Lande, 1979; Lande & Arnold, 1983; Falconer & Mackay, 1996; Lynch & Walsh, 1998) , evidence is accumulating that this is often not the case (Stearns et al., 1991; Waitt & Levin, 1993; Newman, 1994; Roff, 1997; Sgr o & Hoffmann, 2004; Bell & Sih, 2007; Moretz et al., 2007; Dingemanse et al., 2012; Handelsman et al., 2014) . Indeed, the structure of Gand P-matrices can differ based on environmental conditions (e.g. phenotypic plasticity) or evolved differences that alter relationships among traits (Steppan et al., 2002; Sgr o & Hoffmann, 2004; Eroukhmanoff & Svensson, 2009 ). Yet, the evolutionary consequences of instability in G-and P-matrix structure remain largely unexplored. Moreover, despite long-standing interest in the role of phenotypic plasticity in evolution (e.g. Baldwin, 1896; Waddington, 1959; Pigliucci, 1996; West-Eberhard, 2003; Ghalambor et al., 2007) , few studies have considered how plasticity in the relationships among traits may shape evolutionary outcomes (but see Spitze & Sadler, 1996; Sgr o & Hoffmann, 2004) . We examined genetic and environmental influences on variance and covariance in a suite of behavioural traits to address the extent of plasticity in behavioural correlations and the potential for this plasticity to bias evolutionary trajectories.
Environmental influences and adaptation in Trinidadian guppies
The Trinidadian guppy (Poecilia reticulata) is a wellestablished model system in ecology and evolutionary biology due to its ability to rapidly adapt to changing environmental pressures in the wild (Reznick et al., 1990 Magurran, 2005) . In the Northern Range Mountains of Trinidad, guppies naturally exist in highpredation and low-predation environments. In downstream high-predation environments, guppies co-occur with a number of piscivorous fish that prey intensely on them. Predators are excluded from upstream sites by waterfall barriers, but guppies have managed to colonize upstream environments, giving rise to low-predation sites at higher elevations. In low-predation sites, guppies co-occur only with a minor predator that preys primarily on small juveniles (Endler, 1980 (Endler, , 1995 . High-predation guppies have independently colonized low-predation environments within each river drainage, giving rise parallel changes in life history (Reznick, 1997; Torres-Dowdall et al., 2012 ), morphology (Torres-Dowdall et al., 2012 Fischer et al., 2013; Ruell et al., 2013; Handelsman et al., 2014) , physiology Fischer et al., 2014) and behaviour. Moreover, behavioural traits are known to be influenced by both genetic (Seghers, 1974; Breden et al., 1987; Magurran & Seghers, 1991) and environmental (e.g. Abrahams & Dill, 1989; Magurran & Seghers, 1990; Houde, 1997; Huizinga et al., 2009; Torres-Dowdall et al., 2012) factors. Although other environmental factors also influence divergence between high-and low-predation sites (e.g. Grether et al., 2001; Reznick et al., 2001; Arendt & Reznick, 2005; Zandon a et al., 2011; Fitzpatrick et al., 2014) , predation pressure is the major driver of adaptive divergence in this system.
In this study, we examine genetic and environmental influences on a suite of behavioural traits in guppies to test whether or not divergence between populations is constrained along the major axis of variation in correlated traits and to what extent plastic changes in covariance structure predict divergence between populations. We take advantage of the strengths of the guppy system to compare these patterns across parallel, independent evolutionary events in wild populations. We examine differences in a suite of behaviours based on evolutionary history with predators and developmental exposure to predator cues and characterize the influences of these factors on covariance structure. We address the extent to which trait correlations are flexible vs. constrained in new environments and how these patterns shape evolutionary trajectories.
Materials and methods

Fish collection and rearing
We collected fish from high-predation (HP) and adjacent low-predation (LP) localities in the Aripo river drainage in 2012 and in the Quare river drainage in 2014 (Gilliam et al., 1993; Reznick et al., 2001) . Although geographically close to one another, population genomic comparisons reveal that guppies from the Aripo and Quare drainages belong to two distinct lineages of guppies (Willing et al., 2010) , and represent two independent cases in which fish from a high-predation ancestral population colonized and adapted to a low-predation environment. We established 20-25 unique family lines from wild-caught gravid females captured from each population. First-generation laboratory-born fish from each wild-caught female were separated by sex and kept in isolated tanks under identical conditions. First-generation fish were then uniquely crossed (i.e. only a single male and female from each family were used, each partnered with one unrelated first-generation fish from the same source population) to generate the second generation of laboratory-born fish used in this study. This breeding design maintains the genetic variation of the original wild-caught females while minimizing environmental and maternal effects, such that differences observed between populations reared in a common laboratory environment presumably reflect genetic differences (see details in Reznick and Bryga, 1987) . At birth, we split secondgeneration siblings into rearing environments with (pred+) or without (predÀ) predator chemical cues (Torres-Dowdall et al., 2012) , and they remained in these treatments until the completion of the experiment. In the predÀ treatment, fish were housed in tanks in a recirculating water system containing only conditioned water (i.e. sterilized and carbon-filtered tap water that was treated to have a pH, hardness, temperature and chemistry similar to natural streams). In the pred+ treatment, a natural predator, the pike cichlid Crenicichla frenata, was housed in the sump tank of the recirculating system and fed live guppies daily. Previous work demonstrates that guppies show a range of plastic responses to the presence of predator chemical cues (Nordell, 1998; Dzikowski et al., 2004; Gosline & Rodd, 2008; Torres-Dowdall et al., 2012; Ruell et al., 2013; Fischer et al., 2014; Ghalambor et al., 2015) , and this design allows us to discern developmental from genetic effects of predation (Fig. S1 ).
All guppies were individually housed in 1.5-litre tanks on a 12:12-h light cycle (lights on 7:00 am to 7:00 pm) at Colorado State University. Fish were fed measured amounts of Tetramin TM tropical fish flake paste and hatched Artemia cysts on an alternating basis once a day between 8:00 am and 10:00 am. Food levels were adjusted each week following previous protocols based on age and size of fish (Reznick, 1982; Reznick et al., 2004) . We used only mature males in this study because only males exhibit the mating and aggression behaviours we assessed. To ensure that we captured the range of genetic and behavioural variation present in the population, focal fish used for behavioural assays were evenly distributed among families. All experimental methods were approved by the Colorado State University Animal Care and Use Committee (Protocol #12-3818A).
Behaviour
We conducted four behavioural assays: mating, aggression, open field and escape. Except where noted, behavioural experiments were run in an identical manner in 2013 for Aripo drainage fish and 2015 for Quare drainage fish. Behavioural assays were conducted on three subsequent days: mating and aggression on the first day, open field on the second day and escape on the third day (Fig. S1 ). We conducted behavioural experiments in the same manner for each fish to facilitate comparison of both group and individual differences. We acknowledge that altering the order of behavioural assays could also affect behavioural correlations; however, testing for such order effects was outside the scope of our experiment. Fish were run together in balanced groups of four fish per week, with a representative from each population and rearing environment whenever possible and representatives from each population when not. This allowed us to control for random differences between weeks, without confounding these effects with those of population and rearing. All behavioural assays were run in water without predator cues, as we were interested in developmental plasticity, rather than acute environmental effects of predation. We have previously demonstrated that movement of pred+ fish into predÀ water does not elicit a physiological stress response (Fischer et al., 2014) . We collected waterborne hormone samples for fish from the Aripo drainage during the week prior to behavioural data collection and these findings are reported elsewhere. Sample sizes varied among groups due to differences in survival and the availability of a greater number of predÀ fish from the Aripo drainage (Aripo: HP predÀ: n = 39, HP pred+: n = 14, LP predÀ: n = 34, LP pred+: n = 15; Quare: HP predÀ: n = 15, HP pred+: n = 15, LP predÀ: n = 16, LP pred+: n = 16). Detailed methods for behavioural assays and results for single behaviours are in the Supplemental Materials (Fig. S2 ).
Statistical analysis
Because the Aripo and Quare drainages represent two separate lineages and were raised and tested in separate years, we performed all statistical analyses separately for the two drainages. Analyses of differences in correlations among behaviours required data with a Gaussian distribution, so we normalized behavioural data using transformations (square root for count data and arcsine for proportional data). We examined distributions of the data following transformation and excluded two behaviours that did not follow an approximately normal distribution (average sigmoid duration and proportion of startles at the surface). In addition, we standardized the data by centring values to the grand mean for each behaviour and dividing them by the standard deviation. This standardization does not alter the relative values among fish within a behavioural metric but adjusts for differences in measurement scale of each metric.
To visually examine relationships among behaviours within and among behavioural assays, we calculated pairwise Pearson correlation coefficients. To test for differences in variance and covariance among behaviours, we conducted P-matrix comparisons. Matrices can vary in a diversity of characteristics, and we used multiple tests to examine complementary aspects of correlational structure (Roff et al., 2012; Handelsman et al., 2014) . These comparisons allowed us to address whether and how matrices differed based on genetic background and rearing environment. We used the modified Mantel test to ask whether matrices were proportional (Goodnight & Schwartz, 1997) , the jump-up approach of the Flury method to determine whether matrices were equal, proportional and/or shared principal components (Phillips & Arnold, 1999; Roff & Mousseau, 2005 ), Bartlett's test to test for differences in overall variance among matrices (Goodnight & Schwartz, 1997) and the jackknife-eigenvalue test to compare overall covariance structure among matrices (Kirkpatrick, 2009; Roff et al., 2012) . Because these matrix comparisons are conducted in a pairwise fashion, we ran four analyses to compare relevant pairs: we compared different populations in the same environment (HP predÀ vs. LP predÀ and HP pred+ vs. LP pred+) and rearing environments within the same population (HP predÀ vs. HP pred+ and LP predÀ vs. LP pred+). Taken together, these four comparisons allowed us to understand the influence of genetic background and developmental plasticity on behavioural variance and covariance. P-matrix analyses were performed using custom scripts (Roff et al., 2012) in R (R 3.1.2, The R Foundation for Statistical Computing, Vienna, Austria).
To further characterize evolutionary potential among populations and rearing environments, we compared matrices using evolvability parameters defined by Hansen & Houle (2008) . We calculated the mean-standardized average and maximum (unconditional) evolvability (e), and maximum conditional evolvability (c). These parameters provide estimates of the evolutionary potential of a matrix in the form of the proportional trait changes expected in response to a given selection gradient with maximum values representing evolution along the dominant eigenvector (i.e. along evolutionary lines of least resistance, sensu Schluter, 1996) . Unconditional evolvability (e) is unaffected by covariances among traits and measures the length of projected evolutionary responses, whereas conditional evolvability (c) takes constraints imposed by trait covariances into account and therefore gives an estimate of the importance of trait integration for evolvability (see Hansen & Houle, 2008) . We calculated values over random selection gradients to determine average and maximum values. We meanstandardized the data as our behavioural data were on different measurement scales. Evolvability parameters were calculated using the program 'evolvability' in R (R 3.1.2, The R Foundation for Statistical Computing).
Finally, we conducted between-group analyses (BGAs) to assess how genetics and rearing environment alter multiple behaviours simultaneously. BGA is a multivariate discriminant approach in which group means are ordinated and individual samples are then projected onto orthogonal axes resulting from this ordination procedure. This allows one to apply ordination procedures -such as the principal component analysis used here -that cannot be directly applied to raw values. This approach is appropriate here as (i) it can be applied when the number of cases is relatively small compared to the number of variables, and (ii) BGA is insensitive to differences in correlational structure among groups because group means, rather than values from individuals, are used in ordination. We used mixed models to examine population and rearing differences in the eigenvalues for the principal components produced by BGA. We included population of origin (HP/LP), rearing environment (predÀ/pred+) and their interaction as fixed effects. BGA was performed using the ade4 package (Thioulouse et al., 1997) in R (R 3.1.2, The R Foundation for Statistical Computing) and mixed models were run in SAS (SAS Statistical Software 9.4; SAS Institute, Middleton, MA, USA).
Results
Behavioural correlations
We observed the greatest overall correlations in lowpredation fish reared with predators ( Fig. 1 and  Fig. S3 ). When we considered behavioural contexts separately, behaviours performed in the mating assay were more positively correlated in fish reared without predators, whereas aggression behaviours were more positively correlated in fish reared with predators. Moreover, rearing with predators increased overall correlations among behaviours in low-predation fish, but decreased overall correlations in high-predation fish ( Fig. 1 and Fig. S3 ). In general, behaviours in the mating and aggression assays were more strongly correlated with one another than with behaviours performed in the open-field or escape assays ( Fig. 1 and Fig. S3 ).
To further quantify differences in correlational structure among behaviours, we used complementary methods to compare matrix structure among populations and rearing environments. We found that genetic background and rearing environment altered the overall variance (Table 1 ; Bartlett's test) and correlational structure (Table 1 ; jackknife-eigenvalue test) of the matrices. In addition, in the Aripo drainage, rearing environment altered the 'shape' of the matrices such that they were no longer proportional (Table 1 ; modified Mantel test). By examining the sum of all estimated eigenvalues (the eigensum), we obtained an estimate of the total phenotypic variance in each group (Kirkpatrick, 2009) . From this we saw that fish reared without predators were more phenotypically variable than fish reared with predators in the high-predation population (Aripo: HP predÀ eigensum = 10.99, HP pred+ eigensum = 10.24; Quare: HP predÀ eigensum = 13.19, HP pred+ eigensum = 9.49), but this pattern was reversed in the low-predation population (LP predÀ eigensum = 10.60, LP pred+ eigensum = 15.81; LP predÀ eigensum = 9.99, LP pred+ eigensum = 12.45). In other words, rearing in the non-native environment increased phenotypic variance.
We calculated evolvability parameters to provide quantitative estimates of evolutionary potential among groups, comparing effects of population and rearing separately. Although patterns were not entirely parallel among drainages, evolvability estimates were overall high, which we expected given evidence for rapid adaptation in this species (Reznick et al., 1990 Ghalambor et al., 2015) . Conditional evolvability estimates were considerably lower, indicating a role for behavioural integration as a constraint on evolutionary change. Average and maximum evolvability (e), which are unaffected by trait covariances, were greater in low-predation populations (Table 2 ). In contrast to unconditional evolvability, conditional evolvability estimates (c) take constraints imposed by trait covariances into account. Maximum conditional evolvability was lower in native than non-native environmental conditions, except in the Aripo drainage low-predation population (Table 2) . We note, however, that variability in the Aripo low-predation fish reared with predators was particularly high and estimates of maximum conditional evolvability may be skewed by the lack of an obvious dominant eigenvector (see below and Fig. 2a) .
To examine population-and rearing-induced shifts in collections of behaviours, we used multivariate 
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between-group principal components analysis. In each drainage, we estimated three major axes of variation that explained 95% and 88% of the overall variation in behaviour in the Aripo and Quare drainages, respectively. In the Aripo drainage, principal component 1 (PC1) explained 55% of the variation in our suite of behaviours and had strong positive loadings (> 0.25) for most behaviours, especially those in the mating and aggressive contexts (Table 3 ). This pattern is consistent with the strong, positive correlations among mating and aggressive behaviours in this drainage. PC2 explained 21% of the variation and had strong positive loadings for several behaviours, notably those associated with open field (Table 3) . PC3 explained an additional 19% of the variation and differentiated some behaviours within mating and aggressive contexts (e.g. negative loading for sigmoid displays and positive loading for sneaky copulation attempts) as well as having a strong positive loading for escape behaviour. Fish reared with predators had higher PC1 values (F 1,95 = 26.29, P < 0.0001) and populations differed in the effect of rearing environment on PC2 (population*rearing interaction; F 1,95 = 7.96, P = 0.0058), as rearing with predators increased values in high-predation fish, but decreased values in low-predation fish (Fig. 2a) . Although PC3 explained 19% of overall behavioural variance, variation in PC3 was similar across populations and rearing environments.
In the Quare drainage, PC1 explained 45% of the variation in our suite of behaviours and had moderate to strong negative loadings for most behaviours and a strong positive loading for time in the centre during open field. PC2 explained 25% of the variation and had strong loadings for several behaviours, notably again those associated with open field (Table 3) . PC3 explained an additional 18% of the variation and again differentiated some behaviours within mating and aggressive contexts, as well as time spent in the centre vs. time spent moving in the open field. Low-predation, but not high-predation, fish reared with predators had higher PC1 values (F 1,57 = 7.18, P = 0.0096; Fig. 2b ). Conversely, high-predation, but not low-predation, fish reared with predators had lower PC2 values (F 1,57 = 12.31, P = 0.0009; Fig. 2b ). Both high-predation fish (F 1,57 = 5.99, P = 0.0175) and fish reared with predators (F 1,57 = 5.43, P = 0.0233) had higher PC3 values.
Plots of PC eigenvalues corroborate conclusions from matrix analyses indicating that rearing in the nonnative environment increased phenotypic variance (Fig. 2) . Furthermore, although environmental effects (i.e. comparison between predÀ and pred+ fish from the same population) did not shift groups in the direction of the dominant eigenvector, genetic divergence (i.e. comparison between fish reared in a new environment vs. those historically adapted to that environment) did occur in the direction of the dominant eigenvector, that is along phenotypic lines of least resistance (sensu Schluter, 1996) . 
Discussion
Patterns of variance and covariance among traits are thought to impose constraints on how traits evolve in response to selection. Yet, the degree to which correlations among traits impose constraints on evolutionary trajectories in new environments depends on their stability (e.g. Sgr o and Hoffmann, 2004) . We found that developmental plasticity altered behavioural variance and covariance in guppies. Rearing in non-native environments increased overall behavioural variance and altered correlational structure, shifting the major axis of behavioural variation in the direction observed in native fish. In addition, evolvability estimates demonstrated that changes in correlational structure can influence evolutionary potential, with evolvability generally increasing under non-native conditions. Taken together, our findings demonstrate that trait Ellipses encompass 95% of the data for each group. Differences in ellipse size and shape indicate differences in overall behavioural variance (size) and covariance (shape) structure. HP, high predation (orange); LP, low predation (blue); predÀ, reared without predator cues (lighter colours); pred+, reared with predator cues (darker colours). (a) Aripo drainage. Principal component 1 (55% of total variation, xaxis) separates groups based on rearing environmental differences, whereas principal component 2 (21% of total variation, y-axis) separates groups based on population of origin. In addition, rearing with predators increases principal component 2 values in high-predation fish, but decreases values in low-predation fish. (b) Quare drainage. Principal component 1 (45% of total variation, xaxis) separates low-predation fish based on rearing environmental differences, whereas principal component 2 (25% of total variation, y-axis) separates high-predation fish based on rearing environmental differences. 
correlations are plastic and can evolve between populations adapted to different environments. Although our findings represent only two independent evolutionary transitions, few studies have examined how suites of correlated behaviours differ between locally adapted populations of the same species and how rearing environments alter correlation structure among behaviours. Because many of the behavioural traits we measured are likely to play an important role in the initial establishment of guppy populations in new environments (Ghalambor et al., 2010) , we propose that adaptation to a new environment -rather than being strictly constrained by stable trait correlations -may also be influenced by environmentally induced changes in the covariance structure, as this is the combination of traits selection will act upon.
Genetic and environmental influences on behavioural variance and covariance
In guppies, behavioural variance and covariance structure differed among groups, with rearing-induced differences dependent on genetic background. Differences in correlational structure among groups have implications for our understanding of past evolutionary events and future evolutionary trajectories. The potential for environmental influences to impact behavioural variation and covariation has been considered in the context of environmental stressors in general and predation pressure in particular (Bell & Sih, 2007; Dingemanse et al., 2009 Dingemanse et al., , 2012 Harris et al., 2010) . Predictions are contrasting, with arguments for environmental stressors both increasing (West-Eberhard, 2003; Badyaev, 2005) and decreasing (Schlichting, 1989; Pigliucci, 2004; Luttbeg & Sih, 2010) behavioural variation (see also Hoffmann & Meril€ a, 1999) . We found that high-predation fish adapted to environments with predators exhibited decreased behavioural variance when reared with predators as compared to high-predation fish reared without predators. In contrast, low-predation fish reared with predators exhibited increased behavioural variance as compared to low-predation fish reared without predators. In other words, both high-and low-predation fish exhibited reduced behavioural variance when reared under native environmental conditions (i.e. environments more similar to those they are adapted to in the wild). These results are consistent with the hypothesis that stabilizing selection reduces variance within the native rearing environment and that novel environments (i.e. environments where selection has not had an opportunity to historically act) result in the expression of increased variation (Gibson & Dworkin, 2004; Schlichting, 2008; McGuigan & Sgr o, 2009; McGuigan et al., 2010) . Our results also emphasize the importance of considering evolutionary history when interpreting environmentally induced differences, because newrather than stressful -environments may be the most important determinants of variance (Schlichting, 2008) . Along with an increase in behavioural variance, fish reared in non-native environments displayed weaker covariance among behaviours. Weaker covariance among traits may allow selection to act on behaviours more independently, thereby reducing evolutionary trade-offs (McGuigan, 2006) . Moreover, if traits can be fairly readily coupled and decoupled from one another, then correlations observed in one population or environment will not predict evolutionary outcomes in another (Sinn et al., 2009; Smith & Blumstein, 2010) . For example, under acute predation risk, a mating strategy trade-off exists between sigmoid displays and sneaky copulations, as overt displays lead to higher reproductive success but also make males more conspicuous to predators (reviewed in Magurran, 2005) . In contrast, in low-predation environments, it may be favourable to maximize mating effort by performing both sigmoid displays and sneaky matings. Given this trade-off, there could be selection against a positive correlation between sigmoid displays and sneaky copulations in environments with predators and a lack of selection against, or even selection for, a positive correlation between these behaviours in predator-free environments. Indeed, we find that the correlation between sigmoid displays and sneaky matings is nonsignificant in high-predation fish reared with predators, but positive in all other groups (Fig. 1) . Additional work is necessary to test the adaptive value of differential trait correlations explicitly; however, our findings here demonstrate that covariance structure is flexible and suggest that plasticity in some trait correlations may have adaptive value.
The overall flexibility and variability we observe in covariance structure has important evolutionary implications. Patterns in the ancestral environment will not predict evolutionary constraints if environmental shifts change trait variance and covariance. We highlight two potential scenarios in which developmental plasticity in trait correlations and evolvability may have altered the response to selection and potentially shaped adaptation in guppies. First, when high-predation fish were reared in non-native, predator-free environments, the major axis of phenotypic variation was shifted closer to that observed in low-predation fish reared in predator-free environments (Fig. 2) . Moreover, in the Aripo drainage, high-predation fish reared under these conditions show increased evolvability (Table 2 ). This pattern replicates the evolutionary scenario in the wild, in which high-predation fish have repeatedly colonized and adapted to low-predation environments, and suggests that environmentally induced shifts in trait covariance may facilitate selection along environmentally contingent lines of least resistance rather than constraining it ( Fig. 3a; Schluter, 1996) . Second, although changes in trait variance and covariance induced by a new environment may not initially be adaptive -as is presumably the case in low-predation fish reared with predators -increased variance may reduce strong correlations, shape evolutionary trajectories by providing variation for selection to act and strengthen selection against maladaptive phenotypes all of which may ultimately facilitate adaptation (Gibson & Dworkin, 2004; Ghalambor et al., 2007 Ghalambor et al., , 2015 Schlichting, 2008; McGuigan et al., 2010) . Indeed, we note that the marked increase in behavioural variance in low-predation fish reared with predators completely encompasses the presumably locally adapted range exhibited by high-predation fish reared with predators (Fig. 2) . In addition, in the Quare drainage evolvability estimates were highest for low-predation fish reared with predators. Rearing under non-native environmental conditions also shifted the major axes of phenotypic variation in low-predation fish in line with that of high-predation fish adapted to environments with predators. In the wild, low-predation fish are regularly washed downstream into their ancestral high-predation environments. Although there is little empirical data on this phenomenon (but see Weese et al., 2011) , low-predation fish maintain the ability to produce advantageous highpredation phenotypes when exposed to predator cues (Torres-Dowdall et al., 2012; Fischer et al., 2013; Handelsman et al., 2013) and this ability may enable survival in this context ( Fig. 3b ; Gibson & Dworkin, 2004) , perhaps because the new environment is ancestral rather than truly novel.
Conclusions
We found striking differences in behavioural correlations based on population of origin and genetic background. Counter to common assumptions, trait correlations were labile across time and space, and exposure to new environments altered trait variance, covariance and evolvability. Such plasticity has not been well characterized -either empirically or theoretically -but we suggest it is more prevalent than currently recognized. Given evidence that behavioural traits are highly heritable (Bell et al., 2009) and map well onto phylogenies (de Queiroz & Wimberger, 1993; Kamilar & Cooper, 2013) , the phenomena we demonstrate here likely apply to phenotypic traits generally. Although extensive theoretical debate considers the importance of developmental plasticity in evolution (e.g. West-Eberhard, 2003; Ghalambor et al., 2007; Pigliucci, 2009) , the role of phenotypic plasticity has rarely been considered in a multivariate context (but see Spitze & Sadler, 1996) . Our findings demonstrate remarkable plasticity in the relationships among traits and suggest that plasticity in trait correlations may influence evolutionary trajectories.
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